The Induction of Root Nodule and Increasing of Nitrogen Content of Common Bean (Phaseolus vulgaris L.) by Using Rhizobium Plus Fertilizer by Pohan, Selvia Dewi et al.
Selvia Dewi Pohan, Lisna Marina Silaban, Amrizal, Wina Dyah Pusptasari, Eli Masni. 2019 
129  
The Induction of Root Nodule and Increasing of Nitrogen 
Content of Common Bean (Phaseolus vulgaris L.)                       
by Using Rhizobium Plus Fertilizer 
Selvia Dewi Pohan 1, Lisna Marina Silaban1, Amrizal1, Wina Dyah Puspitasari1,              
Eli Masni2 
1 Biology Department, Faculty of Mathematics and Natural Sciences, Universitas Negeri Medan 
  Jln. Willem Iskandar Psr V, Medan Estate, Medan , 20221, Indonesia 
2 Biology Department, Faculty of Mathematics and Natural Sciences, Universitas Sumatera Utara,  
   Medan,  Indonesia 
 
Abstract 
Common bean (Phaseolus vulgaris L.) is consumed by many people in Indonesia. Naturally, this plant 
has a mutualism symbiosis with Rhizobium to build root nodules. This symbiosis gives nutrition 
supply for plant and supports plant growth. The aim of this research was to find the best 
concentration of Rhizobium plus fertilizer to induce root nodule’s number and to increase nitrogen 
content of common bean. This study was conducted in Green House of Biology Department, Faculty 
of Mathematics and Natural Sciences, Universitas Negeri Medan. This was an experimental study 
using a Completely Randomized Design with six treatments and three replications. The data was 
analyzed using Analysis of Variance (ANOVA). Measurement of nitrogen content of bean’s leaf was 
using Kjeldahl method. The study result revealed that Rhizobium plus fertilizer increased the root 
nodule’s number with the best concentration was 1.25 g. This research also revealed that Rhizobium 
plus fertilizer showed significant effect on the nitrogen content of bean’s leaf with the best 
concentration was 1.5 g. 
 




The common bean (Phaseolus vulgaris L.) is the most important food legume for 
direct consumption in the world. It is produced in a range of crop systems and 
environments in regions as diverse as Latin America, Africa, the Middle East, China, 
Europe, the United States, and Canada. In latin America, Africa, and Asia the bean is 
primarily a small-scale crop grown with few purchased inputs, subjected to biological, 
edaphic, and climatic problems [1]. 
Common bean is a originating in Latin America and mostly cultivated in the tropics 
and [2]. It is not only used as a dry grain and snap bean as vegetables but is also in the 
market as a canned product like industrial crops. Common bean (Phaseolus vulgaris L.), 
Fabaceae is a nutritious plant and it has diversity of antioxidant. It contains N, P, K, Cu, 
Zn, Mn, Fe, protein, total phenol and radical scavenging activity [3]. It also contains 8 of 
minerals (Zn, Cu, Fe, Mn, Ca, Mg, P and K) that is very important for human nutrition. 
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High mineral variability in the seeds of this common bean collection could be useful for 
the selection of cultivars with higher nutrition value [4]. 
According to Mahajan [5] that studied about nutrition content of common bean in 
several different locations in Jammu and Kashmir, India, its iron content was very high 
ranging from 0.71 mg to 7.22 mg 100g-1, and the Zinc (Zn) content varied from 0.43 mg 
to 1.93 mg 100g-1. The protein content was also very high ranging from 7.2% to 3.61%.  
Common bean is also rich in unsaturated fatty acids, such as linoleic and oleic acids 
[6]. Nitrogen is a major essential element for all organisms, and a constituent of proteins, 
nucleic acids and other indispensable organic compounds. Some plants like leguminous 
plants can fix atmospheric N2 symbiotically in association with nitrogen-fixing soil 
bacteria, rhizobia. Ammonium is a key component in the assimilation of nitrogen into 
organic compounds, whether the N is derived from ammonium absorption, nitrate 
reduction, or nitrogen fixation. The ammonium is incorporated initially into the amide 
group of glutamine by glutamine synthetase, then into glutamate by glutamate 
synthase, after which the N is assimilated into various amino acids, proteins, and nucleic 
acids [7]. Some researches revealed the importance of nitrogen for plant growth [8], [9]. 
Without fertilized with N, yield of crops that do not acquired N through symbiotic 
atmospheric N fixation (such as alfalfa and soybean) can be very limited. If no N is 
applied for many years (fertilizer or manure), the soils ability to supply plant-available N 
becomes depleted, and corn yields will average only about 50 bu/acre for continuous 
corn and 100 bu/acre for corn following soybean. Precipitation supplies about 10 to 20 
lb N/acre, and some fixed ammonium can be released from clay minerals, but the 
majority comes from microbial processing (net mineralization) of crop residues and soil 
organic matter [10]. 
Mineralization is the process by which microbes decompose organic N from 
manure, organic matter and crop residues to ammonium. The timing and method of 
manure and fertilizer applications not only determine the availability of nitrogen to the 
crop, but also the potential for loss [11]. 
Rhizobacteria including Rhizobium, Bradyrhizobium, Mesorhizobium, Azorhizobium, 
and Sinorhizobium as plant growth promoting rhizobacteria (PGPR) promote overall 
growth and development of the plant through direct and indirect mechanisms.. 
Bioinoculant of rhizobia can effectively improve the agricultural yield and productivity 
which indicates that Rhizobium is an effective plant growth promoting microbe [12]. It 
also capable of colonizing the rhizosphere of nonhost plants (nonlegumes) thus living 
within plant tissues as endophytes. It able to secrete phytophormones and 
siderophores, and solubilize insoluble phosphate, besides eliciting plant defense 
reactions against phytophatogens [13]. 
According to the research result by Yadegari [14], revealed that common bean 
treated with PGPR significantly increased nodule number and dry weight, shoot dry 
weight, amount of nitrogen fixed as well as seed yield and protein content. Co-
inoculation with Rhizobium and PGPR showed a significant increase in the proportion of 
nitrogen derived from atmosphere and PGPR strains (Pseudomonas fluorescens P-93 
and Azospirillum lipoferum S-21) have potential to enhance the symbiotic potential of 
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rhizobia. Rhizobium increased nodule number ranging from 29 to 65 per plant, while 
Rhizobium with PGPR increased nodule number ranging from 38-82 per plant in three 
cultivars of the common bean. It also increased N-uptake varied from 450 mg per plant 
to 751 mg per plant in Rhizobium treatment and varied from 550 mg per plant up to 799 
mg per plant in Rhizobium plus PGPR treatments.  
 
2. Methods 
Materials used in this study were as follows: common bean seed (Phaseolus vulgaris 
L.) variety Pekasa derived from Agromart shop in Willem Iskandar street No.67, 
Kenangan Baru, Percut Sei Tuan, Deli Serdang District, North Sumatra, Rhizobium plus 
fertilizer (Composition were Rhizobium, Trichoderma sp., Bacilus subcilis sp, Positive 
Microbial Genus /GMP), aquades, 5 kg polybag, petridish, pesticide spray tubeholster, 
glass bottle, thermometer, mortar, glass beaker, measuring cup, drop pipette, test tube, 
round bottomflask, digital camera, analytical scale, stationery and so on. 
The first step was soil fertilization then continued with Rhizobium plus treatment. 
Rhizobium was scaled based on the treatments according to ”Slurry Method” by Hinson 
and Hartwig [15]. Rhizobium was dissolved in water until it shapes pasta. The bean’s 
seeds were soaked in the Rhizobium solution for one hour. The seed then was ready to 
plant.  
The planting bean was cared by watered and controlled the pests by using organic 
pesticide merk Charis Bio Insek until the bean produced pods. When the bean was eight 
months the stick was plugged in to the soil to prop bean’s vine. The parameters 
measured to determine the effect of Rhizobium plus on nodule’s number and nitrogen’s 
content of the pods. Pods number and pods weight were also measured in the days 60, 
65 and 70 after cultivation.  
 
3. Result and Discussion 
3.1. Result 
The soil had a moderate organic carbon content (1.24%) and sandy loam, the pH 
was 7.3. The addition to the various concentration of the Rhizobium significantly 
influenced (p < 0.05). The following data shows average of nodule’s number and 
nitrogen content of the leaf in day 70 after cultivation. 
Common bean inoculated by Rhizobium with dose 1.25 g produced the highest 
nodule’s number (20.67/plant). Common bean inoculated by Rhizobium with dose 1.25 
g and 1.5 g has the highest nitrogen content of leaf (4.85% and 5.00%, respectively). 
Statistical analysis revealed that Rhizobium influenced or significantly influenced on 
nodule’s number of the bean (p < 0.05). It also significantly influenced on nitrogen 
content (p < 0.05). The difference of nodule’s number could be do to the Rhizobium 
ability to fix and provide nitrogen for the plant. The dose 1.25 g seems to be the most 
appropriate dose for inducing the root nodules. Plant inoculated with Rhizobium also 
produced the highest number of pods and pod’s weight (p < 0.05) (Table 3 and Table 4). 
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Table 1. Effect of different concentration of Rhizobium plus treatments on nodule’s  
number and leaf nitrogen content of common bean (Phaseolus vulgaris L.). 
No Treatments Average of nodule’s number 
Average of nitrogen’s content 
(%) 
1 Control 4.67 ± 0.577a 4.71 ± 0.045c 
2 0.25 g 7.33 ± 0.577b 4.95 ± 0.047cde 
3 0.5 g 12.33 ± 1.528c 4.76 ± 0.046cd 
4 0.75 g 14.67 ± 1.528cd 1.07 ± 0.042a 
5 1 g 15.33 ± 1.528d 1.28 ± 0.044b 
6 1.25 g 20.67 ± 1.155e 4.85 ± 0.047de 
7 1.5 g 17 ± 2.646d 5.00 ± 0.047 de 
   Notes: Values followed by different letters are statiscally different (p < 0.05). 
 
Table 2. Varians analysis result (ANOVA) effect of Rhizobium plus on nodule’s number of  
common bean (Phaseolus vulgaris L.)  
Source Sum of square Df Mean square F Sig. 
F table 
0.05 0.01 
Between grup  554.571 6 92.429 40.438* .000 2.85 4.46 
error 32.000 14 2.286     
Total  586.571 20      
   Notes: * : significantly influenced  
  
Table 3. Effect of different concentration of Rhizobium plus treatments on pod’s number  
of common bean (Phaseolus vulgaris L.) in day 60, 65, and 70 after cultivation. 
No 
Day of  
collecting 
Pod’s number in every treatments 
Control 0.25 g 0.5 g 0.75 g 1 g 1.25 g 1.5 g 
1 60 2 ± 0.00a 2 ± 0.00a 4.33 ± 0.577bc 4± 1.00b 7.33 ± 0.577d 7.67 ± 0.577d 5.33± 0.577c 
2 65 3 ± 0.00a 3 ± 0.00a 5.33 ± 0.577b 5.67± 1.528b 7.67 ± 0.577c 8.33 ± 0.577c 6± 1.00b 
3 70 4 ± 0.00a 4 ± 0.00a 5.67 ± 0.577b 5.67± 1.528b 8 ± 1.00c 8.67 ± 0.577c 6± 1.00b 
   Notes: Values followed by different letters are statiscally different (p < 0.05). 
 
Bean inoculated with Rhizobium dose 1.25 g has the highest pod’s number (8.67). 
It also has the weighest pods (36.67 g) followed by treatment with dose 1 g (30.33 g) 
(Table 3).  
 
Table 4. Effect of different concentration of Rhizobium plus treatments on pod’s weight of 




Pod’s weights (g) in every treatments 
Control 0.25 g 0.5 g 0.75 g 1 g 1.25 g 1.5 g 
1 60 6.67 ± 0.577a 7.67 ± 0.577a 14.33± 4.509b 13 ± 1.732b 24.67± 3.512c 33 ± 2.082d 21 ± 1.00c 
2 65 9.67 ± 0.577a 10.67± 1.528a 18.67 ± 6.028bc 16.33± 2.082b 28 ± 3.606d 34 ± 2.646e 23 ± 2.00cd 
3 70 12.33± 0.577 a 14.33± 1.528ab 18.67 ± 6.658bc 16.67± 2.309ab 30.33± 3.786d 36.67± 2.517e 23.33± 2.082c 
   Notes: Values followed by different letters are statiscally different (p < 0.05). 
 
Statistical analysis revealed that Rhizobium plus had significant effect on pod’s 
number in day 70 after cultivation. The pod’s number were increased during three 
harvest periods (60, 65, and 70 days after cultivation) in all treatments. But, the 1 g and 
1.25 g treatments experienced the highest rising of pod’s numbers. The 1.25 g treatment 
seems to be the best treatment compare with anothers (Figure 1). 
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   Figure 1. Pod’s number in average of common bean in day 60, 65, and 70 after 
cultivation (hst) in all treatments. 
 
Also, bean inoculated with Rhizobium increased pod’s weight. The plants treated 
with 1 g and 1.25 g treatments experienced the highest rising of pod’s weights. The 1.25 
g treatment also seems to be the best treatment compare with anothers (Figure 2). 
 
 
   Figure 2. Pod’s weight in average (gram) of common bean in day 60, 65, and 70 after 
cultivation (hst) in all treatments. 
 
3.2. Discussion 
Based on statistical analysis Rhizobium treatments significantly influenced on pod’s 
number. Pod’s number is a variable to determine bean’s ability to reproduce in their 
habitat. The Rhizobium dose influenced pod’s number. According this study, Rhizobium 
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Rhizobium influence plant’s growth and development. Rhizobium inoculated plants set 
a high mean nodule number (86.33 and 77.77, respectively) [16]. Tan [17] studied about 
the effect of PGPR and rhizobial strains on growth of rice seedlings. The PGPR and 
rhizobia were isolated from rice and legume roots, identified as Lysinibacillus, 
Alcaligenes, Bradyrhizobium, Rhizobium and Bacillus, significantly enhanced seedling 
height and could be attributed to the higher N2 fixation rate. As well as, a study by Morad 
[18] revealed that Rhizobium (strains 133+116) inoculated cultivars of common bean 
could increase number of pods per plant (55.97 pods/plant). In addition, application of 
Rhizobium strains proved to have the capability to replace the chemical nitrogen 
fertilizer in bean production. In addition, a study by Bhuiyan [19], showed that 
Bradyrhizobium inoculated plant experienced increasing in pod’s number significantly in 
mungbean (Vigna radiata L. Wilczek). 
Rhizobium addition also influenced pod’s weight based on statistical analysis. 
Increasing in pod’s number was related to plant’s growth rate. The more plant’s height, 
the more plant’s branch, this also could increase pod’s number. Addition of Rhizobium 
with dose 1.25 g could maximize pod’s weight in this study. 
Root nodule’s number increasing was also influenced by addition of Rhizobium. This 
fact showed that Rhizobium could symbiotic effectively with bean plant. Root nodule 
showed N2 fixation’s activity in plant. Although in this study, in control treatment 
(without addition of Rhizobium) root nodule was also found (small amount), because 
naturally this plant was also has symbiotic relationship with Rhizobia. The seed could be 
infected by rhizobia because the seed did not sterilisized before planting to treatments 
media. 
According to study result by Bal [20], there were several factors caused nodule’s 
number infected plant, namely the period of inoculation process, the type of 
rhizobacteria spesies that infected the plant. Common bean infected by Rhizobium sp. 
had higher number of root nodules (4.36±0.45) compared with common bean infected 
by Rhizobium phaseoli (10.96±2.96) in day of 38 after inoculation. 
Based on Argaw and Tesso [21] study, there was significant effect of inoculation, 
the varieties and their interaction on nodulation, yields and yield traits, except for the 
number of seed per pod. Most of tested Rhizobium isolates significantly improved the 
nodule number and nodules dry weight in all soils regardless of rhizobial population. 
Hence, the indigenous rhizobial population did not affect the effectiveness of 
inoculation but the soil types and varieties affect the effectiveness of the isolates.  
 
4. Conclusion 
 Based on the results of the study it can be concluded that the addition of Rhizobium 
plus with dose 1.25 g can increase root nodule’s number and it also gives the best effect 
on increasing pod’s number and pod’s weight. Addition of Rhizobium plus with dose 1.5 
g was the best treatment to increase nitrogen content of bean’s leaf. 
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